Abstract. Cancer cachexia (CC), a progressive loss of body mass, leads to malnutrition and deficiencies of essential substances including polyunsaturated fatty acids (PUFAs) and L-carnitine (LC). The availability of these 2 compounds determines the rate of eicosanoid synthesis, which modulates inflammatory processes and hemostasis. We compared the effects of administration of emulsions containing long chain triglycerides (LCTs) relative to a 50:50 mix of medium chain triglycerides (MCTs) with LCTs on hemostasis and inflammatory reactions in patients with CC. The study was conducted on 50 patients with CC (23 women, 27 men) aged 66±11 years with a mean loss in body weight of 21±9% in the previous 6 months. Twenty patients received MCTs/LCTs while 30 received LCTs. Total parenteral nutrition (TPN) was administered using the 'all in one' method (25 kcal/kg/day, protein 1.2 g/kg/day). Selected parameters of coagulation and inflammatory state were evaluated on Days 1, 5, 7 and 11 of TPN. Initial concentrations of D-dimers, fibrinogen, plasminogen activator inhibitor type 1 (PAI-1), fibronectin, CRP and IL-6 significantly exceeded the upper limit of the reference values. After 10 days of TPN, we detected significant differences in inflammatory state and hemostasis. Immunological state and hemostasis varied depending on the type of fat emulsion administered. The most likely reasons are the 2-fold higher concentrations of PUFAs in LCTs relative to MCTs/LCTs and a deficiency of LC in skeletal muscles. Both of these factors may contribute to the observed increase in the rate of eicosanoid synthesis.
Introduction
CC occurs as a result of many malignant cancers and is believed to contribute to up to a third of all cancer-related deaths. It is characterized by the loss of lean body mass (1) . Loss of body fat can, but need not, necessarily accompany CC. The loss of lean body mass stems primarily from the highly selective degradation of skeletal muscle proteins and specifically targets the myosin heavy chain (2) . Cytokines and tumor factors such as TNF-α, IL-1β, IL-6 and IFN-γ are known to mediate this process (3, 4) .
Factors produced by cancer tissue modulate many signaling pathways, and alter expression of genes and proteins by regulating transcription, translation and post-translational modification (5) . Their actions lead to a worsening of malnutrition and deficits of indispensable chemicals and nutrients, including polyunsaturated fatty acids (PUFAs) and L-carnitine (LC).
Many cancer patients with CC are unable to meet their nutritional and caloric needs via the gastrointestinal (GI) route. Therefore, as a part of oncological treatment, they are administered total parenteral nutrition (TPN). It is widely known that fat emulsions are not only an important source of energy generated from fats, but also essential PUFAs and fat-soluble vitamins.
A lipid emulsion that is still widely used in TPN is obtained from soybean oil. Its disadvantage is its high content of n-6 PUFAs (mainly arachidonic acid) which are known to increase inflammatory responses and the risk of thromboembolic complications (6, 7) .
For this reason, new fat emulsions made of LCT and MCT, olive oil (n-9), and fish oil (n-3) (8,9) have been developed and L-carnitine and cancer cachexia. II. Effects of lipid emulsion used in total parenteral nutrition on parameters of hemostasis and inflammatory state in L-carnitine deficiency in myocytes introduced for use in TPN. This has introduced the possibility of modulating the relative proportions of n-6:n-3 PUFAs according to the needs of individual patients (10) . Fat emulsions derived from soybeans contain up to 60-65% PUFAs, including 52-54% of linoleic acid. The recommended dietary PUFA ratio of n-6:n-3 is 3:1, while the ratio in soybean oil is 7:1 (11, 12) . Fat emulsions containing a mix of MCT/LCT in the ratio 50:50 contains two times less PUFAs than LCT emulsion alone; therefore, it contains approximately 50% fewer substrates for the synthesis of pro-inflammatory eicosanoids (13) .
This study was conducted to compare MCT/LCT mix vs. LCT emulsion in patients with CC, and to assess their effects on inflammatory processes and hemostasis.
In Part I of this study (14) , we showed that patients with CC have significant shortages of LC in their skeletal muscles. Thus, LC deficiency is likely to be an additional factor that affects hemostasis and the immune system regardless of the type of fat emulsion used.
Materials and methods
This study was conducted on a group of 50 patients (23 female, 27 male, mean age 65.8±10.6 years). Loss of body weight averaged 21±9% for the 6 months prior to the study. Diagnosis of CC and inability to meet caloric and protein requirements via the GI tract were the criteria for inclusion. As a criterion of CC we assumed an unintentional loss of body weight in excess of 5% during the 6 months prior, related to the presence of cancer confirmed in histopathology. Cancer of the GI tract accounted for 78% of all cases. Patients with illnesses not associated with CC, or in which, due to earlier oncological therapy (e.g. chemotherapy, radiotherapy, renal or hepatic failure), could cause changes in the parameters being studied were excluded. Blood was collected for testing at 8 a.m. on Days 1 (test 1), 5 (test 2), 7 (test 3) and 11 (test 4) day of hospital stay. The initial test was conducted before TPN was started.
The concentration of plasminogen activator inhibitor type 1 (PAI-1) was measured with Human PAI-1 ELISA kits from Bender MedSystems (Vienna, Austria). Serum levels of interleukin-6 (IL-6) were measured using kits from Bender MedSystems. FN Fibronectin (FN) in serum was measured using enzyme-linked immunosorbent assays (ELISA) with BMS2028 kits from Bender MedSystems. Quantitative determination of fibrinogen has been measured using Clauss method by Fibrinogen-C ® kit manufactured by IL. Activated partial thromboplastin clotting time (aPTT) was measured using HemosIL™ APTT-SP from IL, prothrombin time (PT) using HemosIL™ RecombiPlasTin 2G from IL. Concentration of D-dimers was determined using HemosIL ® D-dimer HS 500 on the ACL TOP family Systems. Measured values were compared to reference values provided by the manufacturers.
Based on measurements of height and body mass on the first day (i.e. before the start of TPN) BMI was calculated and patients were assigned to 2 groups based on their nutritional status, with BMI ≤19 kg/m 2 and BMI >19 kg/m 2 . The distribution of age and gender in both groups were comparable. In order to assess the effects of the type of fat emulsions used on our test parameters, patients were divided into 2 further groups, i.e. those receiving a 50:50 mix of MCT/ LCT emulsion and those receiving pure LCT. There were no statistically significant differences as to age, gender and BMI between these 2 groups.
Ethics. Prior to recruiting patients for this study, we obtained approval from the Independent Bioethics Committee for Scientific Research at Medical University of Gdansk NKEBN/145/2008. All patients included in the study were informed properly about the issues concerning the study and they completed the necessary consent form.
Statistical analysis. Decision-making statistical analysis consisted of testing means using Student's t-test and the comparison of distributions (medians) using the non-parametric U test with a special regard to the independence or dependence of variables in both of these tests.
Testing was performed in multi-way contingency tables using exact Fisher's test or Pearson χ 2 test. The dependence measure was Pearson's correlation coefficient for which the Vanish test has been performed. Calculations were performed using the statistical package Statistica 9.0 and statistical computing environment R 2.12.0. A P-value<0.05 was recognized as statistically significant.
Results

Influence of CC on hemostasis and inflammatory reactions.
On admission to hospital (i.e. before TPN administration), the values of activated partial thromboplastin time APTT were below the lower limits of reference values more often in BMI≤19 kg/m 2 group than in BMI >19 kg/m 2 group (P<0.024). Decreased antithrombin (AT) AT activity was observed more often in BMI >19 kg/m 2 group than in BMI ≤19 kg/m 2 group (P<0.015). However, median AT was lower in BMI >19 kg/ m 2 group relative to the BMI ≤19 kg/m 2 group (P<0.008). Concentrations of PAI-1 were significantly above the upper limit of reference values in both groups (P<0.001 in both). Concentrations of fibrinogen, D-dimers and C-reactive protein (CRP) were also above the upper limit of reference values in all patients.
The mean concentration of CRP in the BMI ≤19 kg/m 2 group was above the upper limit more frequently than in the BMI >19 kg/m 2 group (P<0.05). The mean concentrations of IL-6 in serum were higher than reference values in both the BMI ≤19 kg/m 2 (P<0.001) and BMI >19 kg/m 2 groups (P<0.003) ( Table I) .
Influence of MCT/LCT and LCT emulsions on hemostasis and inflammatory parameters.
All measurements within the MCT/LCT and LCT groups were made between tests 1 and 4, i.e. Days 1 and 11 of hospital stay. Administration of MCT/ LCT emulsion (P<0.047) and LCT (P<0.030) was accompanied by a decrease in the number of blood platelets. There was no significant difference in the decrease between MCT/LCT and LCT groups (Table II) .
APTT decreased in the group receiving MCT/LCT emulsion (P<0.052), while there was no significant difference in the LCT group. We found a significant increase in fibrinogen concentrations in the group receiving MCT/LCT emulsion (P<0.015) (Table II) . AT activity decreased significantly between tests 1 and 4 in the group receiving LCT emulsion (P<0.009). This decrease in AT activity was significantly higher under the influence of LCT relative to MCT/LCT emulsion (P<0.037) ( Table II) .
Concentrations of PAI-1 were significantly lower in patients receiving LCT emulsion (P<0.037) (Table II) while D-dimer concentrations were significantly higher in patients receiving MCT/LCT (P<0.004). Levels of CRP increased in both the MCT/LCT (p<0.004) and LCT (P<0.025) groups between tests 1 and 4, i.e. days 1 and 11 of hospital stay. This increase was significantly higher in the former group (P<0.042).
---------------------------------------------------------------------
Discussion
Numerous studies have shown that CC is accompanied by an increased expression of inflammatory markers and a tendency towards hypercoagulability, likely in response to various factors released by cancerous tissue (15) . Secondary components of many signaling pathways are responsible for regulation of these inflammatory reactions, including lipid derivatives such as the phospholipid activator platelet-activating factor (PAF) and eicosanoids such as prostaglandins, prostacyclins, thromboxanes, leukotrienes and many others (16) . Thus, the amounts of PUFAs delivered in TPN determines the amounts and type of synthesized eicosanoid derivatives, which in turn determines the level of activity of the immune system and hemostatic pathway (17) .
LC has been shown to reduce the levels of markers of systemic inflammation and inflammation-related coagulation factors. We believe that the recently discovered group of enzymes belonging to the acyltransferase family brings us closer to understanding this phenomenon (18) . The concentration of LC and activity of carnitine palmitoyltransferase I (CPT-1) determines the ratio of AC/acylCoA (acyl-carnitine-AC) and on that, depends the availability of PUFA as a substrate for acyl-CoA:lysophospholipid acyltransferase (19) .
This group of enzymes catalyzes the binding of PUFAs to the free position of sn-2 of lisophospholipids (20, 21) . In the next step, phospholipids are removed from PUFAs by phospholipase A2 and converted to eicosanoids by cyclooxygenase (COX) and lipoxygenase (LOX).
LC forms AC and free CoA by binding acyl groups of acyl-CoA. As a result, there is a decline in the concentration of acyl-CoA and a reduction in the acylation rate of lysophopholipids (22) . Alteration in the composition of phospholipid membranes is a result of consecutive reactions of deacylation and acylation, which leads to an asymmetric distribution of phospholipids in both layers of cell membranes (23) .
In part I of this study (14) , a deficiency in LC was found in the skeletal muscles of patients with CC. Muscle degradation is considered to be the main cause, along with dietary restrictions and a decrease in endogenous LC synthesis. There are reasons to suspect that LC may also be deficient in the lymphatic system. Adlouni et al (24) and Katrib et al (25) have conducted a series of experiments confirming the adverse effects of LC deficiency on immune system functions. LC concentrations rise in granulocytes in response to acute bacterial infections, and also in lymphocytes as a result of chronic inflammatory processes (26) . LC deficiency in lymphoid tissues can disrupt immune system responses to infectious elements. Indeed, studies show the beneficial influence of LC supplementation on immune system functions (27, 28) .
This study showed a significant increase in the concentration of fibrinogen (P<0.015) after 11 days of MCT/LCT administration, with no measurable changes in the LCT group. Fibrinogen is an acute phase protein that plays an important role in blood coagulation. An increase in its concentration indirectly reflects both an increased risk of excessive blood clotting and an increased intensity of the host inflammatory response.
The main stimulus for synthesis of fibrinogen is IL-6 (29,30). In our study initial IL-6 concentrations are much higher than the upper limit of the range of reference values in all patients (Table I) . Further, its levels did not change substantially in patients receiving either MCT/LCT or LCT (Table II) . Increased fibrinogen synthesis in patients receiving MCT/ LCT could result from better β-oxidation efficiency relative to those receiving LCT only, due to L-carnitine deficiency. Our study also showed an increase of D-dimer levels in patients receiving MCT/LCT (P<0.004). D-dimers are known products of fibrin degradation. We observed no such increase in patients receiving LCT. Therefore, increased fibrinogen levels in patients receiving MCT/LCT are likely a result of faster synthesis relative to degradation rate.
Factors that affect fibrinogen synthesis include sufficient stimulus, substrate availability and adequate energy inflow. However, changes in fibrinogen levels depend on the synthesis/ degradation ratio. The main stimulus for fibrinogen synthesis is IL-6 and amino acids are essential substrates for that reaction (29, 30) . Our study showed that even though the initial IL-6 level (test 1) in all patients significantly exceeded the upper reference value, it did not change substantially during MCT/LCT or LCT dosage (Table II) . The amounts of amino acids administered in both groups during TPN were directly proportional to patient body mass.
Between tests 1 and 4, we found a statistically significant decrease in AT activity in the group receiving LCT (P<0.009). This decrease was significantly greater relative to that in patients receiving MCT/LCT (P<0.037), in whom AT activity did not change significantly (Table II) . Average AT activity on both days was still within the range of reference values. AT is a strong serine protease inhibitor that inactivates thrombin and the clotting factors XII, IX and X and also has anti-inflammatory properties resulting from its stimulation of prostacyclin synthesis (31, 32) .
PAI-1 limits the activity of tissue plasminogen activator (tPA) and urokinase-type plasminogen activator (uPA), thereby lowering the conversion of plasminogen to plasmin. As a consequence, PAI-1 strongly inhibits fibrinolysis.
The average PAI-1 concentration measured during test 1 was significantly above reference values. Patients receiving LCT showed a significant decrease in PAI-1 concentrations (P<0.037) (Table II) . It is highly probable that this decrease resulted from a restriction of its synthesis due to less efficient β-oxidation of fatty acids due to lack of LC.
There were no substantial changes to the International Normalized Ratio INR between tests 1 and 4, either in the group receiving MCT/LCT emulsion or LCT (Table II) . The study showed that APTT (P<0.052) in patients treated with MCT/LCT emulsion was reduced, although it did not change substantially in the LCT group (Table II) .
INR and APTT are coagulation parameters of a global character. Lack of significant deviation from reference values in these 2 tests, despite changes in other coagulation parameters, shows that the balance between blood coagulation and fibrinolysis in the body is being maintained.
We found a significant increase in CRP concentrations in patients receiving MCT/LCT (P<0.004) and LCT (P<0.025); this increase was significantly greater in the former group (P<0.042) (Table II) . CRP protein is produced in the liver, and acts as an opsonin that activates the classical pathway of the complement system. In spite of its participation in the inflammatory response, CRP has hypercoagulable properties (33, 34) . Its levels rise in response to increased concentrations of many cytokines that accompany a neoplasm, mainly IL-6. While an increase in CRP concentrations is a reliable marker of host inflammatory state, it also demonstrates the capacity of host defensive mechanisms. The most likely cause of increased CRP levels in both experimental groups is increased synthesis from amino acid substrates in TPN.
MCT does not require LC for transport across the inner mitochondrial membrane. In conditions in which LC is deficient, MCT is a better source of energy than LCT. Therefore, it is likely that the higher energy efficiency of MCT/LCT resulted in a significantly greater increase in CRP concentrations in the MCT/LCT group relative to the LCT group. Less involvement of LC by MCT/LCT favors an increase in the concentration of free carnitine (FC), so buffering of acyl-CoA by FC is also more effective in the MCT/LCT group. This favors a higher rate of eicosanoid synthesis. This means that the ratio of PUFA n-6:n-3 is close to 7:1 both in the MCT/LCT (50:50) and LCT groups as synthesis of their pro-inflammatory derivatives dominates in both. The only difference is that in the MCT/ LCT group the PUFA content is probably two times lower than in the LCT group.
Immunological state and hemostasis varies in patients with CC depending on the type of fat emulsion used in TPN. Most likely the main causes of these differences are: twice the quantity of PUFAs in LCT relative to MCT/LCT and LC deficiency in skeletal muscles. Both of these factors contribute to an increased rate of synthesis of eicosanoids. Another reason for the differences seen in this study may be the lower energy efficiency of β-oxidation of LCT relative to MCT/LCT under conditions of LC deficiency in skeletal muscles.
